Blastocystis homins is a protozoan that causes an intestinal infection known as human blastocystosis. This infection is diagnosed by means of parasitological examination of stools and by permanent staining techniques. The present study was developed to evaluate the frequency of Blastocystis hominis infection among inhabitants of the Araraquara region, State of São Paulo, and to compare different methods for investigating this protozoan in feces samples. Evaluations on 503 stool samples were performed by means of direct fresh examination and using the techniques of Faust et al., Lutz and Rugai et al. In addition, the iron hematoxylin, trichrome and modified Kinyoun staining techniques were used. Out of the 503 samples examined, 174 (34.6%) were found to be positive for the presence of intestinal parasites. The most frequent protozoa and helminths were Entamoeba coli (14.6%) and Strongyloides stercoralis (6.7%), respectively. Blastocystis hominis was present in 23 (4.6%) fecal samples, with a predominately pasty consistency and without characterizing a condition of diarrhea. Despite the low frequency of Blastocystis hominis found in the Araraquara region, compared with other regions of Brazil, it is important to perform laboratory diagnostic tests for this protozoan. Its finding in fecal material is indicative of food and drinking water contamination. Since the transmission route for this parasite is accepted to be oral-fecal, this implies that the population needs guidance regarding hygiene and basic sanitation measures as a means for controlling health problems caused by enteroparasites.
Intestinal infections by protozoa and helminths are a recurrent feature in disadvantaged populations living under poor sanitary conditions, although such infections can also occur in communities with a high standard of living and education. The climate, coupled with a lack of information about proper sanitation, favors intestinal parasitosis, which thus represents a severe public health problem in developing countries, where the growth in the population has not been matched by any improvement in sanitation 11 . It is estimated that 3.5 billion people around the world are affected by protozoa and/or helminths and that around 450 million people present parasitic diseases 20 . The intestinal parasites prevalent among the Brazilian population require laboratory analysis to determine the parasite species. Intestinal parasitosis is usually diagnosed by examination of stool samples, using very simple methods in which the forms of the parasites are observed. However, there are some kinds of protozoan that require special staining techniques for them to be recognized under the microscope 6 . Advances in medical science have made great contributions towards public health, with regard to correct identification of the parasitic agents that cause intestinal infections 6 . Currently, there is growing interest in a subject that is now considered a key topic in parasitology: emergent or opportunist parasites. One example of this class of parasite is Blastocystis hominis, which causes an intestinal infection known as human blastocystosis, for which the symptoms are not specific but include diarrhea, abdominal pain, cramps, nausea, fever, vomiting and flatulence, among other symptoms 7 26 . Blastocystis hominis is a polymorphic parasite that presents in vacuolar, granular, multivacuolar, amoeboid, non-vacuolar and cystic forms. Its length ranges from 6 to 40 µm and it is detected in feces by means of the usual parasitological laboratory techniques 22 26 . It is assumed that human infection by Blastocystis hominis occurs through ingestion of contaminated food or by means of water transportation of the cystic form. It then turns into the vacuolar form in the human intestine. However, the origin of the other forms in which Blastocystis hominis can be found is not yet known 23 . It is unusual to report the presence of Blastocystis hominis among the results from fecal examination, not only because this parasite is not considered pathogenic, but also because there are few people trained to perform the diagnosis 1 . Four Blastocystis species have been reported to be parasites of non-human hosts: Blastocystis galli, Blastocystis anatis, Blastocystis anseri and Blastocystis lapemi 23 . However, it is not known whether these species can also produce parasitic infections in human beings, since Blastocystis hominis is the only species in the genus that can be found in human feces 22 . In surveys conducted in several cities in the State of São Paulo (Campinas 24 , Botucatu 9 , Holambra 10 and the City of São Paulo 1 2 ), in Rio de Janeiro 15 and in Pitanga (State of Paraná) 16 , Blastocystis hominis forms were found in the stool samples examined. Moreover, this parasite may cause parasitic infection in humans (with or without symptoms and whether or not immunosuppression is present), yet diagnostic tests for this parasite are not usually performed in parasitology laboratories.
Therefore, the present study was conducted in order to contribute towards better understanding of the epidemiological features of this parasite. Thus, the frequencies of Blastocystis hominis and other intestinal parasites were evaluated in fecal specimens from inhabitants of the Araraquara region, State of São Paulo, and different methods for detecting this protozoan were compared.
MATERIAL AND METHODS
A total of 503 stool samples were taken from individuals of both sexes, ranging from one to 90 years of age, who were attended at the Parasitology Laboratory of the School of Pharmaceutical Sciences at the São Paulo State University (UNESP), Araraquara, Brazil, from January to March and September to December, 2004.
The patients came from the towns of Américo Brasiliense, Gavião Peixoto, Motuca, Rincão and Araraquara.
The project for the work described here (protocol #27/2003) was approved by the School's Research Ethics Committee, and all the individuals who took part in the research signed an authorization form, giving their written informed consent.
For the parasitological diagnostic tests, one fecal sample from each volunteer was collected in plastic disposable flasks without preservatives, individually identified with the name and age of the volunteer. Additional information about the volunteers' state of health was obtained from interviews with them.
For the laboratory diagnosis of Blastocystis hominis and other intestinal parasites, the stool samples were analyzed by means of direct examination, the zinc sulfate flotation method, spontaneous sedimentation and Rugai's method 19 . Some fecal smears were fixed with Schaudinn's liquid and stained using iron hematoxylin and trichrome. To detect intestinal coccidia, the modified formalinethyl acetate concentration technique was performed, followed by staining using the modified Kinyoun method 6 12 . The rate of positive findings was expressed as a percentage, and the statistical analysis was carried out using Fisher's exact test. A probability value of less than 0.05 was considered statistically significant.
RESULTS
Out of the 503 samples examined, 325 were from females and 178 were from males. Overall, 174 (34.6%) samples tested positive for intestinal parasitosis and 329 (65.4%) tested negative. Among the positive cases, 145 were infected by only one parasite, while two or more parasites were detected in 29 individuals. The consistency of the feces was noted, and it was found that, out of the 503 samples brought to the laboratory, 50 (9.9%) of them were diarrheic, 267 (53.1%) were soft and 186 (37%) were hard.
Among the 503 samples, 68 (13.5%) were from patients from Américo Brasiliense and 44 of these were from the local hospital. Most of the samples (194 or 38.6%) were brought by patients who live in Araraquara. The samples that came from the towns of Gavião Peixoto and Motuca -respectively 32 (6.4%) and 27 (5.4%) -were brought in at scattered intervals, since the occurrences were infrequent. In the case of Rincão, the laboratory was approached by the health department, and 182 (36.2%) samples were obtained from patients living in a landless community encampment and from a daycare center downtown.
The most frequent protozoan found was Entamoeba coli, followed by Giardia duodenalis and Blastocystis hominis. Among the helminths, the most frequent was Strongyloides stercoralis, followed by hookworms, Trichuris trichiura and Ascaris lumbricoides (Table 1) . Table 2 shows that there was no statistically difference between gender and age of patients with Blastocystis hominis (p > 0.05).
Out of the 23 (4.6%) samples that were positive for Blastocystis hominis, 15 were collected from female patients and eight from male patients. All these samples were diagnosed positive by means of direct examination with saline solution and were confirmed by fecal smears stained with iron hematoxylin and trichrome staining, while only three samples tested positive for Blastocystis hominis when spontaneous sedimentation and flotation in zinc sulfate were used (Table 3) . Ascaris lumbricoides/Trichuris trichiura.
*Entamoeba coli and
Strongyloides stercoralis: p < 0.05 for patients of both sex aged < 40 years old versus > 40 years old. All the samples that tested positive for Blastocystis hominis presented few specimens of this protozoan, with a total of only five per microscope field.
Most of the cases of Blastocystis hominis infection diagnosed (13 occurrences) were found in individuals between one and 44 years old; in children aged one to 14 years, there were seven occurrences; and only three cases were reported among adults over 45 years old.
Among the samples that came from Araraquara, 18 tested positive for Blastocystis hominis. The samples from Rincão presented only three positive findings of blastocystosis, while two cases were reported from Américo Brasiliense.
There were no complaints of symptoms among the patients who tested positive for Blastocystis hominis in their feces. Only two of them presented diarrheic feces, and other parasites were found in those stools (Blastocystis hominis + Giardia duodenalis and Blastocystis hominis + Strongyloides stercoralis), but there was a predominance of soft consistency in the stool samples that contained specimens of Blastocystis hominis.
DISCUSSION
Intestinal parasitosis is very important in our society, since it constitutes a serious public health problem. It is more visible in developing countries in which severe economic, social and sanitary problems are found. These parasitic diseases are important because of the total mortality rates and because of the frequency with which they cause nutritional deficits. These constitute one of the major drains on the strength of the population affected by these diseases. These infections are frequently associated with chronic diarrhea and malnutrition, which compromise physical and intellectual development, especially among young people 17 .
Within this context, we intended in the present study to determine, with the aid of parasitological stool tests, whether Blastocystis hominis was present in the region surrounding and including Araraquara, State of São Paulo, as well as to evaluate the presence of other intestinal parasites.
In the fecal examinations performed in this region, a high prevalence of enteroparasites was discovered in the samples. Evaluation of the results for 1,043 fecal samples from patients who came to this laboratory between 1999 and 2003 revealed that 28.1% of the individuals presented some kind of parasite. Ascaris lumbricoides, hookworms, Trichuris trichiura and Strongyloides stercoralis were the most prevalent helminths and Giardia duodenalis and Entamoeba coli were the most prevalent protozoa found 14 . In a survey performed during the 1970s, it was shown that the same intestinal parasites were already frequent in this region 8 . In the present study, it was observed that 36.4% of the stool samples tested positive for the presence of intestinal parasites. Among the most prevalent of these parasites were the protozoa Entamoeba coli and Giardia duodenalis and the nematodes Strongyloides stercoralis, Trichuris trichiura, hookworms and Ascaris lumbricoides ( Table 1) .
The large quantity of intestinal parasites detected in this study is rather alarming because Araraquara, where the majority of the tested samples were obtained, has installed a sewage treatment plant that provides almost 100% coverage for the city's homes 4 . One possible problem is that the hygiene education in this region may be inefficient, considering that the numbers of parasites found have remained constant for the last 30 years 8 14 .
Only a single fecal sample showed cystic forms of Entamoeba hartmanii, for which the diagnosis was confirmed by iron hematoxylin and trichrome staining and by cystic micrometry.
Interestingly, Cryptosporidium sp oocysts were not observed in all the samples analyzed. This might be explained by single sample analyses instead of multiple analyses, or the absence of preservative liquid in all the samples collected.
One fecal sample was positive for Schistosoma mansoni eggs, thus indicating that this parasite was present in the Araraquara region. This result was notified to the Special Health Service of Araraquara, in order to provide medical healthcare.
Strongyloides stercoralis was observed in 33 (6.7%) samples by means of Rugai's method. This frequency is equivalent to hyperendemic regions and is compatible with previous findings conducted in the same region 3 13 18 . The frequency of Strongyloides stercoralis infection among patients aged less than 40 years old was significantly higher than it was among patients over 40 years old (P < 0.05) ( Table 2 ). It can therefore be seen that Rugai's method needs to be included in parasitological stool tests.
Among the 23 specimens that tested positive for contamination by Blastocystis hominis, there was no clear difference between the number of men and women parasitized by this protozoan (Table 2) , which is concordant with the findings from other authors 25 . Studies during the 1990s showed that the prevalence of Blastocystis hominis in developed countries ranges from 1.5 to 10%, while in developing countries the rate rises to 30 to 50% 7 21 . The data on the prevalence of this protozoan in Brazil generally coincide with the observations of authors in other developing countries, although there are some studies that show results similar to those found in the more developed countries.
Regarding the consistency of the feces that tested positive for Blastocystis hominis, only two of the samples were diarrheic while 21 were soft or hard, thus resembling the data found in a study carried out at the teaching hospital of the School of Medicine at the University of São Paulo 5 . The quality of the drinking water in the Araraquara region is very good, compared with other regions of the state and beyond, in other parts of the country 6 . This may be a determining factor for the low frequency of Blastocystis hominis found in the present study, considering that the transmission of this protozoan is oralfecal and that it can be spread by water 23 . In this study, fresh direct examination of stool material was found to be the best method for diagnosing Blastocystis hominis, as previously reported in 2003 1 . On the other hand, staining with iron hematoxylin and trichrome proved to be as efficient as direct examination for confirming the presence of this protozoan in the feces. Spontaneous sedimentation and flotation in zinc sulfate were inefficient methods because the fecal samples were not preserved (Table 3) .
Blastocystis hominis was found in 23 (4.3%) of the 503 stool samples that were examined. This observation was unheard of in the region under study, where the clinical analysis laboratories do not include such findings on the report sheet that is given to the patient. This practice may be because the laboratory personnel are unfamiliar with and disregard this protozoan, or because it is present as a commensal 2 . Thus, there is a need to include protozoa such as Entamoeba coli, Endolimax nana, Chilomastix mesnili and Iodamoeba bütschlii on laboratory reports sheets.
